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BINDING AGENTS FOR TREATMENT OF INFLAMMATORY, AUTOIMMUNE OR ALLERGIC DISEASES 

The present invention relates to particular birKjing agents whicti can be used in the 
treatment of inflammatory, autoimmune or allergic diseases. 

6 

CD23 (FCeRII) is a type II molecule of the C-lecBn family which also includes the 
lymphocyte homing receptor (MEL-14) and the endothelial leiicocyte adhesion 
molecule-1 (ELA^4-1). It is a low affinity receptor for IgE. In humans a variety of 
haematopoietic cell types express CD23 on their surface, including follicular 

10 dendritic cells, B cells. T cells and macrophages. CD23 molecules are also found 
in soluble forms in biological fluids. Soluble CD23 (sCD23) molecules are formed 
by proteolytic cleavage of transmembrane receptors. CD23 has pleiotroptc 
activities including mediation of cell adhesion, regulation of IgE and histamine 
release, rescue of B cells from apoptosis and regulation of myeloid cell growth. 

15 These functional activities are mediated through the binding to specific ligaids of 
cell-assodated CD23, or sCD23, the latter acting in a cytokine-like manner 
(Conrad, D.H.. Anna Rev Immunol 8. 623-645 1990); Delespesse. G., et ai, Adv 
Immunol 49, 149-191 (1991); Bonnefoy, J.Y., ef a/., CunrOpin Immunol S, 944-947 
(1993)). 

20 

Increased expression of CD23 has fc>een observed in a rujmt>er of inflammatory 
diseases. CD23 has been identified in synovial biopsies from patients with chronic 
synovitis, and sCD23 can be nrteasured at concentrations exceeding the normal 
range in the serum and synovial fluid of patients with rtieumatoid arthritis (Barisal, 
25 A.S., Oliver, W., Marsh. M.N.. Pumphrey, R.S., and Wilson. P.B„ Immunology 79, 
285-289 (1993); Hellen, E.A., Rowlands. D.C.. Hansel. T.T., Kites, G.D., and 
Crocker, J.J.. Clin Pathol 44. 293-296 (1991); Chomarat. P., Brioloay. J., 
Banchereau. J., & Miossec. P.. Arthrib's Rheum 86, 234-242 (1993); Bansal. A., et 
aL, Clin Exp Immunol 89, 452^55 (1992); Rezonzew. R.. & Newkirk. M.M., Clin 
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Immunol Immunopathol 71, 156-163 (1994)). In addition, levels of serum sCD23 
in rheumatoid arthritis patients are related to disease status and cx)rrelate with 
serum rtieumatold ^or (Barisal, AS., ^ a/., Cfrn Exp Rheumatol 12, 281-285 
(1994)). Pro-inflmimatory cytokines appea^ to t>e particularly important in 
rheumatoid arthritis, and a central role for TNF-a and IL-ip in the destruction of 
arthritic joints has been postulated (Brenrian, F.M., Chantry, D., Jackson. A, Maini, 
R.. & Feldman, M., Lancef 2, 244-247 (1989); Brennan, F.M.. Maini. R.M., & 
Feldman M., Br J Rheumatol 31, 293-298 (1 992)). 

It has also been postulated that CD23-C021 interactions may play a role in the 
control of IgE production (Ftores-Romo L ef aA, Science 261 1038-1041 (1993); 
Aubry ef a/., Nature 358, 50&507 (1992)). 

CD11b and CDIIc are adhesion molecules that participate in many cell-cell and 
cell-matrix interactions. GDI 1t>fCD18 and CD1 1c/CD18 (an association of CDIIb 
and CD18 and of CD11c and CD18 respectively) have t>een reported to bind 
several ligands. irKduding CD54, fibrinogen, factor X, LPS, Con A and zymosan 
(Springer, TA Nature 346. 425-434 (1990)). The role of these binding molecules 
is not however completely urKlerstood. CD11b/CD18 and CD11c^CD18 are also 
known as MAC-1 and p150, 95 respectively. They are memt>ers of the P2 integrin 
family (sometimes known as Leu-CAM, ie leucocyte cell adhesion molecules). 
This family also includes LFA-1 amongst its memt>ers (also krxiwn as 
CD11a/CD18). 

EP 0205405 purports to disclose Mabs to lymphocyte cellular receptors for IgE 
(FCeR) cross reacting with human immunoglotnjiin E binding factor (IgE-BF). and 
derivatives thereof. 
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WO 93/04173 purports to disclose a polypeptide which is capabi of binding to 
one of FCEL (low affinity IgE receptor FCeRII) or FCEH (high affinity receptor 
FCeRI) but which is sttostantially incapable of binding to the other of FCEL or 
FCEH. Treatment of an allergic disorder is alleged with a FCEL or FCEH specific 
5 polypeptide (provided the FCEH specific polypeptide is incapable of crosslinking 
FCEH and inducing histamine release). 

EP 0269728 ptffports to disclose Mabs to the human lymphocyte IgE receptor. 

10 EP 0259585 purports to disclose Mat^s recognising a surface receptor for IgE 
(FCeR) on human B lymphocytes. 

WO 93/021 08 purports to disclose primatised antibodies for therapeutic use. 

15 The present inventors have surprising discovered that birKling agents to CD21, 
CD1 1 b, CD1 1 c. to a 70-85 KDa protein expressed on endothelial cells, or to a 1 1 5 
KDa protein expressed on endothelial cells can be of utility in the treatment or 
prophylaxis of various diseases arxJ in particular in the treatment or prophylaxis of 
arthritis. Prior to the present invention no data has been presented which would 

20 support such a utility, despite the publication of a large number of papers in which 
CD21 , CD1 1 b or CD1 1c have been discussed. 

According to the present inverrtiOT, there is provided a birKling agent to CD21, 
CDIIb, CD11C, to an 70-85 KDa protein expressed on endothelial cells, or to a 
25 115 KDa protein expressed on endothelial cells for use in the treatment or 
prophylaxis of inflammatory, autoimmune or allergic diseases. 
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The binding agent may function by blocking the int raction t^etween the protein 
and a ligand which binds to it In vitro assays e.g. radio-immune assays may be 
used to study such a blocking effect 

The binding agent may be in isolated form or as part of a pharmaceuticai 
composition. Desirably it is in sterile fbnra Generally speaking a binding agent 
which is specific for CD21, GDI 1b, GDI 1c, to a 70-85 KDa protein expressed on 
endothelial cells, (e.g, to a 76 kDa, a 80 KDa or 85 KDa protein expressed on 
endothelial cells) or to a 1 15 KDa protein expressed on endothelial cells, is useful 
in the treatment/prof^ylaxis disctosed. 

PreferTBd binding agents tndude antitxxlies, fragments thereof or artificial 
constructs comprising antibodies or fragments thereof or artificial c onstru cts 
designed to mirrtc the binding of antibodies or fragments thereof. Such binding 
agents are discussed by Dougall etal in mtech 12, 372-379 (1994). 

They include complete antibodies. F(ab')2 fragments, Fab fragments. Fv fragments, 
ScFv fragments, other fragments, GDR peptides and mimetics. These can be 
obtained/ prepared by those skilled in the art For example, enzyme digestion can 
be used to obtain F(ab')2 and Fab fragments (by subjecting an IgG to molecule to 
pepsin or papain cleavage respectively). Refer^ices to "antibodies" in the 
following description should be taken to include all of the possibilities mentioned 
above. 

Recombinant antitx)dies may be used. The antibodies may be humanized; or 
chimaerised. 

A typical preparation of a humanised antibody in which the CDRs are derived from 
a different species than the framework of the antitsody's variable domains is 
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disclosed in EPrA-0239400. The CDRs may be derived from a rat or mouse 
monoclonal antibody. The framework of the variable domains, and the constant 
dc^nains. of the altered antibody may be derived from a human antibody. Such a 
humanised antibody elicits a negligible immune response >vhen administered to a 
5 human compared to the immune response mounted by a human against a rat or 
mouse antibody. 

Altematively, the antibody may be a chimaeric antibody, for instance of the type 
described in WO 86/01 633, 

10 

A chimaeric antibody according to WO 86701533 comprises an antigen birKling 
region and a non-immunoglobulin region. The antigen binding region is an 
antitxxiy light chain variable domain or heavy chain variable domaia Typically, 
the chimaeric antilxxjy comprises both light and heavy chain variable domans. 

15 The non-fmmurK>globulin region is fused at its C-temiinus to the antigen binding 
region. The rwri-immunoglobulin region is typically a norwmmunoglobulin protein 
and may be an enzyme region, a region derived from a protein having known 
binding specificity, from a protein toxin or indeed from any protein expressed by a 
gene. The two regions of the chimaeric antibody may t>e connected via a 

20 cleavabie linker sequence. 

The antibody may be a human IgG such as IgGI. lgG2, lgG3, lgG4; IgM; IgA; IgE 
or IgD carrying rat or nruxise variable regions (chimaeric) or CDRs (humanised). 
Primatizing techniques may also be used, such as those disclosed in 
25 WO93«)2108. 

Other preferred binding agents (apart from antibodies or derivatives thereof) are 
Factor X (i.e. Factor 1 0), Epstein Ban- Virus or a part of Epstein Barr Virus. 
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Where intact viaises are used in medical treatment, they will generally t>e provided 
in non-virulent fbmfi This can be achieved using techniques known to those 
skilled tn the art, which irudude attenuation and mutageriesis. 

As will be appreciated by those skilled in the art where specffic binding agents are 
described herein, derivatives of such agents can also be used. The term 
"derivative" includes variants of the agents described, having one or more amino 
add substitutions, deletions or insertions relative to said agents, whilst still having 
the binding activity descrit>ed. Preferably these derivatives have substantial amino 
add sequence identity with the binding agerrts specified. 

The degree of amino add sequence identity can be calculated using a program 
such as "bestfit" (Smith arxl Waterman, Advar>ces in Applied Mathematics, 482- 
489 (1981)) to find the best segment of similarity between arry two sequences. 
The alignment Is based on maximising the score achieved using a matrix of amino 
add similarities, such as that described by Schwarz and Dayhof (1979) Atlas of 
Protein Sequence and Structure, Dayhof. M.O., Ed pp 353-358. 

Preferably the degree of sequerK» iderttity is at least 50% and nx>re preferat>ly it is 
at least 75%. Sequence identities of at least 90% or of at least 95% are most 
preferred. 

It will nevertheless be appredated by the skilled person that high degrees of 
sequence identity are not necessarily required since various amino adds may 
often be sut>stituted for other amino adds which have similar properties without 
substantially altering or adversely affecting certain properties of a protein. These 
are sometimes referred to as "conservative" amino add changes. Thus the amino 
adds glydne. valine, leudne or isoleudne can often be substituted for one another 
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(amino adds having aliphatic hydroxyl side chains). Other amino acids which can 
often be substituted for one another include: 

phenylalanine, tyrosine and tryptophan (amino adds having aromatic side chains); 
lysine, arginine and histidine (amino adds having basic side chains); aspartate 
5 and glutamate (amirx) adds having addic side chains); asparagine and glutamine 
(amino adds having amide side chains) and cysteir>e and methionir>e (amirx) adds 
havir^ sulphur ccMitaining side chains). Thus the term "derivative" can also 
indude a variant of an amino add sequence comprising one or more such 
"conservative" changes relative to said sequerKe. 

10 

The present invention also tndudes fragments of the binding agents or of the 
present invention or of derivatives thereof which still have the binding activity 
descnlDed. Preferred fr^ments are at least ten amino adds long, but they may be 
longer (e.g. uptoSOoruptolOO amirx) adds long). 

15 

The birKling agents of the present invention are believed to be useful in the 
treatment or prophylaxis of several human diseases including arthritis, lupus 
erythematosus, Mashimotos thyroiditis, multiple scierosis,diat>etes, uveitis, 
dermatitis, psoriasis, urticaria, nephrotic syndrome, giomenjlonephritis, 

20 irrflammatory bowel disease, ulcerative colitis, Crohn's disease, Sjogren's 
syndrome, allergies, asthma, rtiinitis, eczema, GVH, COPD, insulrtis, bror>chitis 
(particularly chronic bronchitis} or diat>6tes (particulariy Type 1 diat)etes). They 
may also t>e useful in studying the interactions between CD23 and various ligarxte 
e.g. t>etween CD23 and C021. between CD23 and CD11b, between CD23 and 

25 GDI 1c, l>etween CD23 and the aforesaid 70 to 85 KDa endothelial cell protein 
(which may be an BO or 85 KDa endothelial cell protein) or between CD23 and a 
115 KDa endothelial protein (which is believed to be related to the 70 to 85 KDa 
endothelial protein). One or more of the sbove interactions are believed to occur, 
in vn/o. Antibodies or other binding agents which are capable of blockir>g these 
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int ractions are particularly pref nred sir>ce it is believed that they may be 
especially suitable for reducing or alleviating cytokine mediated inflammatory 
effects. They may also be useful against B^ll malignandes such as chronic 
lymphocytic leukaemia, and hairy celt leukaemia. 

Binding agents of the present invention are particularly applicable for use in the 
treatment or prophylaxis of rtieumatoid arthritis. Without being bound by theory, 
the following possible explanations are put fbrward:- 

In the rheumatoid arthritis inflamed synovium, macrophages express both CD23 
and the integrins CD11b and CD11c. altawing posstole honrx>typic interactions 
to take place in this tissue. In additfon. dtffusk)n of solutrfe CD23 molecules 
through the synovium arxj their birxltrtg to the integrin ligands is also possible. 
Therefore, CD23-CD11h/CD11c interactk>ns involving a positive activaticwi kx)p 
could exist in vrvo. If present in rheumatoid artfvitis patients, it may explain some 
of the pathogenic mechanisms of disease exacerbation and chronidty, and would 
support the hypothesis that once localised to the joints, macrophages themselves 
can maintain arxl exacerbate inflammation via a pathway involving CD23 
molecules, pHntegrins GDI lb and CD11c. as well as pro-inflarmiatory cytokines 
TNF^ IL-ipandlL-6. 

The present inventors have found that CD23 binding to CDIIb and GDI 1c is 
blocked by Factor X since Factor X binds to CD11b and GD1 1c. Thus the present 
invention includes the use of Factor X or of a fragment thereof to block GD23 
binding to GDI lb and/or GDI 1c. 

An alternative mechanism of action of anti GD23 therapy could involve the 
blocking of an IgE immune response. 
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In previously published work, it has been shown that in vivo treatment of rats with 
anti-CD23 antibody resulted in arrtigen-specific inhibition of IgE production, 
probably by blocking the CD23-CD21 interactions necessary for corrplete 
differentiatk^ of IgE-commltled B cells (Flores-Romo et al., Sdence 261, 1038- 
5 1041 (1993)). 

The present invention also includes binding agents to CD21 which block such a 
response (e.g. the Epstein Barr virus or a part thereof). 

1 0 Structurally, the CD21 protein is composed of an extracellular domain of 15 (Moore 
et al. Molecular ctoning of the dDHA encoding the Epstein Barr Virus C3d receptor 
(complement receptor type 2) of human B lyrnphocyte, Proc Natl Acad Sa USA 84: 
9194 (1987)) or 16 (Weis ef a/. Structure of the human B lymfrfxxyte receptor for 
C3d and the Epstein Barr Virus and relatedness to other memt>er5 of the family of 

15 C3/C4 binding proteins, J Exp Med 167: 1047 (1988)) repetitive units of 60 to 75 
amino adds, named short consensus repeats (SCRs), followed by a 
transmembrane domain (24 amino adds) and an intracytoplasmic region of 34 
amirK) adds. Using CD21 mutants bearing deletions of extracytoplasmic SCRs 
(Carel^ a/, Stnjctural requirements for C3d,g/Epstein Barr Virus receptor 

20 (CR2/CD21) ligand birxling, internalization, and viral infection J Biol Chem 265: 
12293 (1 990)). the present inventors have recently fourKl that CD23 binds to SCRs 
5^ and 1-2 on CD21. The binding of CD23 to SCRs 5-8 is a lectin-like interaction, 
involving caribohydrates on Asn 295 and 370. In contrast, CD23 binding to SCRs 
1-2 is a protein-protein interaction (Aubry et a/, CD23 interacts with a new 

25 functional extracytoplasmic domain irrvolving N-linked oligosaccharides on CD21. 
J Immunol 15Z 5806 (1994)). The present inventors have now tested the effect of 
the other ligands of CD21 (EBV. C3d,g and IFN-a) on CD23 binding to CD21 and 
on the regulation of Ig production in the presence of IL-4. Only EBV partsdes and 
an EBV-derived peptide were able to inhibit CD23 binding to CD21. Moreover, the 
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EBV-peptjde selectively decreased IgE and lgG4 produdion and increased IgM 
production. These data indicate that CD23 binding to the EBV-binding site on 
CD21 selectively regulates human Ig production In the presence of IL-4. 

The present invention thereftxe includes within its scc^ the use of Epstein Ban- 
Virus or of a part thereof to block the binding of CD23 to CD21 . A preferred part of 
the Epstein Barr Virus is the gp35Q/gp220 glycoprotein or a fragment thereof. 
Alternatively, an unglycosylated form of this glycoprotein or of a fragment thereof 
may be used. 

Again without being bound by theory, it is believed that the present invention 
allows effective treatments to be achieved by suppresskig the de novo synthesis of 
pro-Inflammatory cytokines. 

This contrasts with prevkxjs uses of antibodies simply to directly neutralise the 
cytokine molecules already present in inflamed tissues. 

It should also be noted that there are speculative pul>lications in the art listing 
large numbers of antitxxlies as well as large numbers of possible diseases which 
the antitxKlies are sakl to be useful in treating, but not providing any sound 
evidence or data for mc^ of the possible combinations. One such publication is 
WO93/02108 which is primarily directed to the production of particular chimaeric 
antitxxjtes. 

The present invention is dearly distinguished from such publications l>y providing 
binding agents to particular molecules which are dearty indicated to t>e of utility in 
the treatment or prophylaxis of certain diseases in view of the data and 
explanations provided herein. 
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Binding ag nts of this invention are also of particular use in the treatment or 
prophylaxis of allergic diseases, indudtng non-lgE mediated diseases. They may 
be used in the treatment and propylaxis of ulcerative colitis. They may also be 
used in the treatment and prophylaxis of Crohn's disease. 

5 

The binding agerrts of the present inventic^ may be used alone or in combination 
with immunosuppressive agents such as steroids, cyclosporin, or antibodies such 
as an anti-tymphocyte antibody or more preferably with a tolerance-indudng. anti- 
autoimmune or anti-inflammatory agent such as a CD4+T cell inhibiting agent e.g. 
10 an anti-CD4 antitxxly (preferably a blocking or norwJepleting arttibody), an anti- 
CD8 antibody, a TNF antagonist e.g. an anti-TNF antibody or TNF inhibitor e.g. 
soluble TNF receptor, or agents such as NSAIDs. 

The bindiTTg agent will usually be supplied as part of a sterile, pharmaceutically 
15 acceptable COTiposition. This pharmaceutical composition may be in any suitable 
form, deperKling upon the desired method of administ^ng it to a patient It may 
l>e provided in unit dosage form and may be provided as part of a kit Such a kit 
would normally (although not necessarily) include instructions for use. 

20 BirKling agent administrations are gener^ly given parenterally, for example 
intravenously, intramuscularly or sub-cutaneously. The binding agents are 
generally given by ir^ection or by infusion- For this purp)ose a t>indir)g agent is 
formulated in a |:rfiamr)aceutical composition containing a pharmaceutically 
acceptable carrier or diluent Any appropriate carri«- or diluent may be used, for 

25 example isotonic saline solution. Stabilizers may be added such as a metal 
chelator to avoid copper-induced deavage. A suitable chelator would be EDTA, 
DTPA or sodium citrate. 



wo 96^2742 



PCTyEP9S/04110 



12 

They may be given orally or nasally by means of a spray, especially for treatment 
of respiratory disorders. 

They may be formulated as creams or ointments, espedally for use in treating skin 
disorders. 

They may be fomiulated as drc^s, or the like, for administration to the eye. for use 
in treating disorders such as vernal coriiurx:tfvrtis. 

For irijeclable solutions, exdpients which may be used include, for example, water, 
alcohols, polyols, glycerine, and vegetable oils. 

The phamiaceutical compositions may contain preserving agents, solubilising 
agents, stabilising agents, wetting agents, emulsrfiers, sweeteners, colourants, 
odourants. salts (substances of the present invention may themselves be provided 
in the form of a pharmaceuBcally aco^itable salt), buffers, coating agents or 
antioxidants. They may also contain other therapeutically active agents. 

Suitable dosages of the substance of the present invention will vary, depend^g 
upon factors such as the disease or disorder to be treated, the route of 
administration and the age and weight of the individual to t>e treated. Without 
beir^ bound 1:^ any particular dosages, it is believed that for instance for 
parenteral administration, a daily <tosage of from 0.01 to 50 mg/kg of a binding 
agent of the present invention (usually present as part of a pharmaceutical 
composition as indicated above) may t>e suitable for treating a typical adult More 
suitably the dose might be 0.05 to 10 mg/kg, such as 0.1 to 2 mg/kg. 
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This dosage may be repeated as often as appropriate. Typically administration 
may be 1 to 7 times a weeks. If side effects develop the amount and/or frequency 
of the dosage can be reduced. 

A typical unit dose for incorporation into a pharmaceutical composition would thus 
be at least 1 mg of binding agent suitably 1 to 1000 mg. 

The present invention includes within its scope an assay for detennining whether 
or not a particular agertf which binds to CD21* CD11b, CD1 1c or to a 70-85 or 115 
KDa protein e^^xessed on endothelial cells may t>e useful in the treatment of an 
inflammatory, autoimmune <m" allergic disease comprising: determinuig whether or 
not the agent is capable of blocking the interaction between CD23 and GDI lb, or 
the interaction between CD23 and CDIIc, or the interaction between CD23 arKi 
CD21, or the interacbon between CD23 arxl a 70-85 KDa or 115 KDa protein 
expressed on erKtothelial oelis. 

This assay can be used for screening compounds or molecules by using cell lines 
expressing the appropriate molecules. Preferably GDI lb is used in these assays 
as GD11b/GD18 and GD11c is used as CD11c/CD18. GDIIb^GDie and 
GDI Ic/CDI 8 can be co-expressed on cell surface. 

Any appropriate assay technique can be used, e.g. protein-non protein assays 
(e.g. assaying the interactkyi of proteins with chemicals or sugars), protein-protein 
assays or protein-cell assays. 

The present invention will ncfw be descrit>ed by way of example only with reference 
to the accompanying drawings; wherein: 
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FIGURE la illustrates CD23-lfposomes binding to CD14 positive blood 
mononudear cells; 

FIGURE lb illustrates various CD23 affinity purified proteins on SDS- 
PAGE gels; 

FIGURE 2 illustrates the percentage inhibition of CD23-liposome binding 
to activated blood monocytes obtained using certain monoclonal antibodies; 

FIGURE 3 illustrates the t>inding of CD23 liposomes to various 
transfected cells; 

FIGURE 4 illustrates the effect of various siAstances on CD23-CD11b 
and CD23-CD1 1c interaction; 

FIGURE 5 illustrates the effects on nitrite prodix:ti€^ and oxidative txjrst 
in monocytes caused by CD23 binding to C01 lb and CD1 1c; and 

FIGURE 6 illustrates that the binding of recombinant CD23 to CD1 1b and 
CD1 1 c specifically increases cytokine production by monocytes. 

FIGURE 7a illustrates the ir>Nbition of CD23-liposome tending to RPMI 
8226 cells by various C021 ligarxjs. 

FIGURE 7b illustrates the inhibition of IL-4 induced IgE and lgG4 
production by an EBV peptide binding to CD21, 

FIGURE 7c illustrates the modulation of immunoglobulin production by an 
EBV peptide binding to CD21 . 
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FIGURE 7d illustrates the absence of inhit>ition of IgE production vwth a 
C3 peptide binding to CD21 . 

FIGURE 8 illustrates the inhft>ition of the binding of CD23 liposomes to 
certain endothelial cells due to the presence of sn anti-CD23 MAb. 

EXAMPLES 

(In some of the following examples the terms "1p". Td" and •li" are used. These 
mean "intraperitonear', "intradermal" and "number of artimals" respectively.) 

EXAMPLES 1-6 

Interaction t)etween CD23 and CDIIb and between CD23 and GDI 1c 

Examples 1 to 6 and the accompanying Figures (see later) illustrate the 

interaction of CD23 with GDI lb arxl/or GD1 1c. 

In these Examples, full-length recomtunant CD23 iricorporated into fluorescent 
liposomes was shown to bind to GOS cells transfected with cDNA encoding either 
GDI 1b/C018 or GD1 1c^CD18 txjt not with transfectants expressing GD1 la/GDI 8. 
The interaction between GD23-liposomes arxl GDI lb/GDI 8 or GD11c^GD18- 
transfected GOS cells was specifically inhilnted by anti-CD11b or anti-GDI 1c. 
respectively, and by anti-GD23 monoclonal antitx>dies. The functional significance 
of this ligand pairing was demonstrated by triggering GDI lb and GD11c on 
monocytes with either recombinant GD23 or anti-GDI lb and anti-GDI 1c 
monoclonal antitxxiies to cause a marked irxTease in nitrite (NO2'), oxidative 
products (H2O2) and proinflammatory cytokines (IL-13, IL-6 arKl TNFa). These 
GD23-mediated activities were decreased by Fab fragments of monoclonal 
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antibodi s to CD11b. CDIIc and CD23. These results demonstrate that the 
surface adhesion molecules CD11b and CD11c are receptors for CD23 and that 
this novel ligand pairing regulates irrvortant activities of monocytes. 

The fbllovwing discussion explains briefly the experimental design and the rationale 
beNnd Examples 1 fe> 6 (which foiiow):- 

Total blood mononuclear cells were incubated with recombinant full-length CD23 
incorporated into fluorescent liposomes and analysed by flow cytometry (Pochon. 
S. et al. J. Exp. M&L 176. 389-398 (1992)). A fraction bound CD23-liposomes 
(Example 1 . Fig. la) which was then shown by double staining to consist of CD14- 
positive calls (i.e. monocytes). To confirm that monocytes were able to bind CD23- 
liposomes. Wood mononuclear cells were FACS-sorted into CD14-positive and 
CD14-negative populations (Example 1, Fig. la). CD234iposomes were shown to 
bind only to the CD14iMsitive population (Example 1. Fig. la). Since monocytes 
were found to express neither membrane IgE nor CD21 (not shown), the known 
ligands for CD23. it was investigated whether nrwnocytes express a different 
receptor for CD23. Monocytes were lysed and cell extracts purified over an affinity 
column coupled with recombinant soluble CD23. SDS-PAGE and silver staining 
analysis of the eiuted material revealed bands of around 80 and 160 kOa MW 
(Example 1, Fig. lb). Antibodies klentrfying antigens within this range of MW and 
reported to be expressed on monocytes were tested by FACS for their capacity to 
inhibit CD23-Jiposome binding to rrxxxxytes (Example 2. Fig. 2). Anti-CD11b and 
anti-CDIIc monoclonal antibodies both inhibited CD23-liposome binding to 
monocytes, with varying degrees of potency (Example 2. Fig. 2). Anti-CD13. anti- 
C049d, anti-C021 (not expressed on monocytes) and anti-COIIa (the third 
memtier of the p2 integrin family of adhesion molecules) had no significant effect 
(Example 2. Fig. 2). Anybodies against MHC Class I. Class II, CD14 and CD45. all 
of which highly expressed on monocytes, were also tested for their effect on CD23- 
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liposome binding. None however had any effect (not shown). Anti-CD18 
monoclonal antibody gave a partial inhibition of CD23 binding. This could be due 
either to steric hindrance or to the induction of a conformational change in the 
CD11b and CD11c molecules upon anti-CD18 Mab binding. The monocyte- 
5 derived proteins eluted from the CD23-affinity column were immunoneactive with 
anti-CD1 1 c (Example 1 , Fig. 1 b) and anU-CD1 1 C/CD18 antibodies (not shown). 

To confimn that the a chain of CD11b/CD18 and CD1 1c/CD11b were receptors for 
CD23, fulMerigth cDNAs encoding C011b and C011c were transiently co- 

10 transfected with CD18 cDNA into COS cells. Transfectants expressing 
CD11b/CD18 and CD11c/CD18 were both ^hcNm to bind CD23-iiposomes, in 
contrast to transfectants expressing GDI 1a/CD18 (Example 3, Fig. 3). This might 
be explained by the higher degree of homology between CD11b and CD11c when 
compared to their homology to CDIIa The spedfictty of the interaction was 

15 demonstrated tyy inhibitrig CD23-liposome tending using anti-CDIIb, antf-CD11c 
arxi anti-CD23 monoclonal antitxxjies. The same results were obtained using 
BHK cells expressing CD11b/CD18 and CD11c/CD18 (not shown). As further 
proof of the specificity of the CD23 interaction, activated blood monocytes from a 
Leukocyte Adhesion Oeficierxy patient, iadcing P2 irrtegrin expression due a 

20 mutation in the gene encoding the p sutxjnit were unable to bind CD23-liposomes 
(not shown). Together, these data demonstrate that CD23 interacts with CD1 1b 
BTYl CD1 1c on rKNinal human monocytes arKJ on transfectants. 

GDI lb and GD11c are adhesion molecules that participate in many cell-cell and 
25 celknatrix interactions. The examples show that GDI 11>/GD18 and GDI 1c/CD18 
may exhibit an additional adiesive function by virtue of their ^ility to bind GD23. 
GD23 seems to idaitify an epitope close or identical to feictor X as observed by the 
capacity of factor X to inhibit in a dose deperxlent manner GD23-liposome binding 
(Example 4, Fig. 4) without affecting surface expression of GDI lb or GDI 1c on 
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monocytes (not Shown). None of the other ligands tested had any effect CD23 
may be acting as a C-type lectin in its interaction with CDlIb and CD1 1c. EDTA 
decreases CD23 binding to monocytes (Example 4. Fig. 4) by chelation of Ca** 
which is necessary to CD23 binding and/or by chelation of the divalent cations 
vwhich are necessary for the binding of ligands to CDIIb and CDIIc (Altieri. D.C. 
J. Immunol. 147. 1891-1898 (1991)). CD2^D11b«;D11c interaction seems to 
involve sugars, but not sialic add, as observed by the capacity of tunicamydn. but 
not neuraminidase, to decrease CD23 binding to monocytes. CD23 bears 
extraoellularly a triplet of amino adds (Asp. Gly. Arg) (Kikutanl. H. et al. Cett 47. 
867-885 (1986)). which in the reverse orientation is a common recognition site fo^ 
the integrin receptors. Therefore, the effect of a pdydonal antibody directed 
against this tripeptide was tested for its capadty to inhibtt CD23 binding to 
monocytes. No inhibition was observed, confirming the absence of inhibition 
obtained with fibrinogen (Example 4. Fig. 4). IgE which is binding in the lectin 
dornain of CD23. partially inhibits CD23 binding to monocles (Example 4. Fig. 4). 
■mose results indicate that CD23 would seem to be acting as a C-type lectin 
recognising partly sugar and protein structures, reminiscent of what has been 
observed for CD23 interaction with CD21 (Aubry. J-P. efa/. J. Immunol. 152. 5806- 
5813(1994)). 

To evaluate the functional significance of the interaction of CD23 v«th CDIIb or 
CDIIc we investigated whether CD23^D11WCD11c interaction could trigger 
monocytes to release proinflammatory mediators such as nitric oxide. H^Oj and 
cytokines. Triggering of adherence-activated nomial monocytes using 
recombinant soluble CD23. anti-CDIIb or anti^Dllc antibodies increased the 
generation of NO,' indicating the activation of the NO pathway (Moncada. S.. 
Palmer. R.M.J. & Higgs. EA Phannacol. Rev. 43. 109-144 (1991)). The effect of 
CD23 on nitrite production was inhibited by Fab fragments of anti-CD23 
monodonal antibodies and by nitroarginine. a specific inhibitor of the NO synthase 
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pathway (ExampI 5, Fig. 5a). The oxidative burst was also shown to be regulated 
through CD1 1 b arid GD1 1 c since recombinant soluble C023. anti-CD1 1 b and antt- 
CD11C monodonal antibodies all caused oxidation of hydroethidine to ethidium 
bromide in monocytes (Example 5. Fig, 5b). This confimis and extends the finding 
that anti-CD11b monodonal antibodies induce an oxidative burst in monocytes 
(Trezzini, C. Schuepp, B., Maly, F.E & Ji«gi, T,W. Brit. J. Haematol. 77, 16-24 
(1991)). CD23 binding to GDI 1b and GDI 1c was associated with an earty specific 
Ga** flux in blood monocytes (not shown). 

Since activated macrophages are an important source of proinflammatory 
c^kines, we evaluated the effect of recombinant soluble GD23 arKi of anti-GD1 1 b 
and anti-GDI 1c monoclonal antibodies on the production of such cytokines by 
morKxytes. Recombinant soluble GD23, anti-GDI lb and anti-GDI 1c rrx^rxxdonal 
antibodies were poterrt stimulators of IL-ip, IL6 and TNFo. Again, the specrfictty of 
this irxiuction was demonstrated by using Fab fragments of arrU-CDUb, artti- 
GD11C arxl anti-GD23 monoclonal antibodies (Example 6, Fig. 6). Interestingly, 
IL-1 and TNFa were potent inducers of GD23-liposome binding to rruxxx^es (not 
shown), suggesting a potential cytokine autocrine loop through GDI lb and GDI 1c 
stimulation and regulation. 

EXAMPLE 1 

a) GD23-liDosomes birxj to CD14-oosrtfve blood mononuclear cells (See Fig. 
la). 

Blood mononuclear cells were stained with anti-GDI 4 monock>nal antibody 
(Becton Dickinson, Eremtxxlegem, Belgium) followed by sheep FITG<x>rvugated 
F(ab')2 antibodies to mouse IgG and IgM (Bioart, Meudon, France), both diluted in 
PBS, 0.5% BSA and 0.05% sodium azide prior to FAGS-sorting (FAGStar Plus. 
Becton Dickirison) into GD14-posttive arKi GD14-r>egative cell populations. 
Separated cells were then stair>ed with GD23-liposomes or control (glycophorin A)- 
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liposomes diluted in 0.5% BSA. 0.1% sodium azide. 2 mM CaCI. 140 mM NaCI 
20 mM Hepes. pH 7 and incubated for 2 h at 4X (Pochon. S.eta/..J. Exp. Med. 
176 389^ (1992)). After washes, cells (5.000 events/condition) were analysed 
byFACS. 



^^PP^ moleruiar ^ CD2S^?tY p ..rified hinnH .r^ 

proteins and Imm. moreartivHY with fin anti^DUr ,noo^»»^. .gee Fio 

lb). 

Lysates of Wood monocytes were affinity purified on a CD2S«>lumn eluted 
proteins separated on SDS4>AGE gels and transfened onto nitrocellulose Mr 
markers are Shown on the left. The gel was silver stained (left lane). Rlterswere 
incubated with either an isolype matched antibody (middle lane) or with an an^ 
CD11C monoclonal antibody (BU-1 5. right lane), then wHh horseradish pemxidase- 
conjugated goat anti™jse antibody (Kpl; Gaithersburg. Massachusetts) 



jsome 



Anti-CDIIb and anti-Cnilc monnrior«i antibodies rtorro^ 
binding to activated blonri monofly t*** (See Fig. 2). 
Monocytes were enriched from mononuclear cells by Ficoll and overnight 
adherence to plastic in RPM1 1640 (Seromed. Berlin. Gemiany) supplemented with 
2 mM glutamine and 10% heat-inactivated FCS (Flow Laboratories. Inrtne 
Scotland). Activated monocytes were then incubated with CD23^iposomes in the 
presence of different monoclonal antibodies (aCD) or isotypewnatched controls 
(CTRL) (Becton Dickinson), all tested at 10 MQAnnl. Antl^Dlla monoclonal 
antibodies 25.3 and B-B15 were obtained from Immunotech (Luminy. France) and 
Serotec (Oxford. UK), respectively.. Anti<:D11b monoclonal antibody 44 was from 
Senotec. mon.gran 1 was from Janssen (Beerse. Belgium). Leu-15 was from 
Becton Dickinson (Erembodegem. Belgium) and (Bear-1) was from Sera4^ Ltd 
(Sussex. GB). Anti-CDIIc monockinal antibody 3.9 was from Serotec. SL9 was 
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from Sera-Lab and BU-15 was from The Binding Site (Bimningham, UK). Anti- 
CD13 (SJ1D1). anti-CD18 (BL5), ant}-CD23 (mAb25) and antHCD49d (HP2.1) 
moTKX^ional antibodies were from Immunotech. Anti-CD21 monodcMial antibody 
BL13 was from Immunotech. OKB7 from Ortho and BU-33 was obtained from Dr 
MacLennan (Bimningham University, UK), HB-6 from ATCC, OKB7 from Ortho 
Diagnostics System Iru: (Raritan, NJ). Anti-CD14, anti-CD3, arTti-C016 and anti- 
CD20 morxxdonal antibodies were from Becton-Dickinson. Cells were analysed 
by FACS and mean fluorescence intensity (MFI) measured. Data of a 
representative experiment are presented. MFI of cells stained with control- 
liposomes was 6.5 and with CD23-liposomes was 84.5. Percentage inhibition 
using arithmetic lir^ear MFI values is calculated aoccxding to the following formula: 

[(CD23-iipo)H(CD23-iipo)+Mab] 

% inhibition = MFI x 100 

(CD23-lipo) 

EXAMPLES 

CD23-liDOSomes bind to a chains of CD11b/CD18 and CD11c/CD18 on 
recombinant transfectants (See Fig, 3). cDMAs coding far CD11a (Corbi, A.L, 
Miller, LJ.. O'Connor, K. Larson, R.S. & Springer, T.A. EMBO J. 6, 4023^4028 
(1987)) was redoned in pCDNAI (Invifrogen, San Diego, CA). cDNA for CDIIb 
(Corbi. A.L. WsWmoto, T.K, Miller, LJ. & Springer. T.A. J. Biol, Chem. 263, 
12403-12411 (1988)) and CD18 (Kishimoto. T.K., O'Connor. K. Lee. A., Roberts, 
T.M. & Springer, TJK. Cell 48, 681-690 (1987)) were redoned in pCDM8 (Seed, B., 
Nature 329 840-842 (1987)). 20 ^g aiiquots of DMA were transfected in COS-7 
cells (ATCC) by electroporation (260 V, 960 ^iFD) using a Gene Pulser device 
(Bio-Rad, Richmond, CA) and 0.4 cm cuvettes in 20 mM Hepes pH 7.4, 150 mM 
NaCL Co-transfections of CD1 la, b or c with CD18 were performed in order to get 
expression of the p2 integrins at the cell surface. Controls were done with single 
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^.n transfectlons. 48 h after transfectlon. COS cells ^ stained with anti- 
CD1la. anti^oilb and anti^Dllc monodonal antibodies or isotype^atched 
mcx»donaI antibodies (control) fblla^ ty FITC^ted sheep antHPouse 
antibody. Bet^ 10 to 15% of the «lls ^ sho^ to express CDIla. b cor 
CmSbystainingwiththerespectivernonodonal^^ Prior to string 
CD234.posomes. CDlfr,«sitive transfected COS cells vwere then FACS-sorted in 
order to ^crease the percentage Of cells expressing P2integrins. CDllaCDiS 
CD1lb^CD18 and CDIIc^CDIB translect« were then incubated with CD23^ 
np™(trace2)orcontrol(g,ycophonnAH The specificity 

Of CD23 .nteraction with CDIIb and CDIIc ^ d«nons^ed by inhibition of 
CD23^,posome binding to CDllb^Die and CDIIcCDIS transfectants using 
anti^Hb (trace 4). anti^D23 (trace 5, ^ ««di1c (tnK« 6) rr«noc,ona, 
ant.bod«s. respectively. No binding of CD23^iposomes was observed on 
CD11a/CD18 transfecants and no effect of antKJDIla monoclonal antibody was 
fbund.(trace3). ^ 

EXAMPLg4 

Structural characteri^ Of cr>??urmib finii.i»t,»>^ ^see Fig. 4). 
(a) Involvement of rpre ^nd dh^tont r ^.*i^ 

Purified activated blood monocytes were treated or not With tunfc^ 
for 48 h or with neuraminidase (0.1 U/W; both from Boehringer Mannheim. 
Mannhei,xGemiany)fbr45mia Cells were then incubated with CD23Jiposomes 
or controMiposomes in the absence or presence of EDTA (5 mM; top left panel). 
Ca orMn (1 to 10 mM; top right panel). 

(b) Factor X doe.s inhibft Cn^ H^r^:^ ^ , Purified activated blood 

monocytes were incubated with CD23^iposomes in absence or presence of factor 
X (0.1 to 10 UAnI; Sigma) (bottom left panel), fibrinogen (50 »xg/ml: Sigma), purified 
recombinant ICAM-1 (produced in our laboratory). LPS (1 »xg/ml: Sigma), human 
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serum opsonised-zymosan (1 mg/ml; Sigma), IgE (50 iig/ml; The Binding Site, 
Bimiingham) or polyclonal antibody to RGD peptide (1/500, ATCC) (bottom right 
panel). Cells were ariaiysed by FACS and MFI measured. Percentage inhibition 
was calculated as for Example 2. 

5 

EXAMPLE 5 

Recombinant CD23 by binding to GDI lb and GDI 1c spedficallv increases a. the 
nitrite oroduct aryj b. the oxidative burst t>v monocytes . 

Monocytes were incubated a, fc)r 4 days at 37*C or b, overnight in the absence or 
1 0 presence of recombinant solul>le GD23 (Graber P. ef a/.. J. Immunol. Methods 149 
215-226 (1992)) (50 ng/ml), anti-CD11a (done 25.3), anti-CD11b (clone 44), anti- 
GDI 1c (done BU-15) monoclonal antibodies (all at 10 |ig/ml). 

To assess the amomt of NO produced (which is shown in Fig. 5a), the culture 
15 supematants were assayed for the stable end procfcjcts of NO, NO2' and NQs' 
according to Green et a/., Annu. Rev. Immunol. 2 199-218 (1984). The spedfidty 
of GD23H7)ediated increase of NO2' production was demonstrated by inhibition of 
NO2* production by Fab fragments of anB-CD23 monodonal antibodies (mab25) 
(tested at 10 jig/ml) and by inhibition with nitroarginine (N-Arg at 1 mM) (Sigma). 

20 

Activated morKxytes were inculjated with hydroethidine (Molecular prot>es, 
Eugene, OR) (0.3 \xgfm\) for 30 min at 37**C (Rothe G. et al., J. Leukoc. Biol, 47 
440-448 (1990)) and analysed by FAGS. Percentage increase in red fluorescence 
of stimulated monocytes is shown in comparison to urttreated monocytes (See Fig. 
25 5b). Monocytes which had undergone an oxidative burst shown an increase of red 
fluorescerx:e signals compared to untreated monocytes reflecting oxidation of 
hydroethidine to ethidium bromide (Lacal P.M. et ai, Biochem. J. 268 707-712 
(1990)). MFI values of monocytes alone were 159+/-10. Mean+/-SD values of 6 
experiments are presented. Con A, which is known to induce a respiratory burst in 
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monocytes, was used as a positive control. The specificity of the CD23 interaction 
with CD11b and GDI 1c was demonstra te d by inhibition of CD23-mediated 
incTBase of HjOa production by Fab fragments of anti-GDI lb (done 44). anti- 
GDI 1c (done BU-15) and anti-CD23 (mAb25) monoclonal antibodies (tested at 10 
iig/ml). 

EXAMPLES 

Binding of recombinant GD23 to CD11b anri G DIIc sr>edfi«,||v increase; o/tnkin» 
productio n by morvxa/tes (See Fig. 6). 

Monocytes were incubated overnight at 37»C in the absence or presence of 
recombinant soluble CD23 (Graber P. ef af.. J. Immunol. Methods 149 215-226 
(1992)) (50 ng/rni). anti-GDI la (done 25.3). anti^Dllb (done 44). anti-CDIIc 
(done BU-15). anti-GD23 (mAb 25 - this antibody is available from Irrwnunotech. K 
is discussed in published European Patent Appfication EP-A-0269728) 
monoclonal antibodies. Gon A (Sigma) (all at 10 ngfrtO). LPS (1 ngftnl) (Sigma) or 
PMA (5 ng/ml) (Galbiochem. La JoHa. CA). GytoWnes were measured in the 
culture supernatant by specific EUSA. The ELISA's limit of sensitivity is 0.05 ng/ml 
for IL-lp (Ferrua ef al.. J. Immunol. Methods 114 41-48 (1988)) 0.01 nghnl for 
TNFo (Medgenix. Biotechnie. Rungis. F) and <0.01 ng/ml for IL-6 (Manie et at.. 
Eur. Cytokine Netw. 4 51-56 (1993)). The specificity of GD23 interadion with 
GDI lb and GDI 1c was demonstrated by inNbition of CD23-mediated increase of 
cytokine production by Fab fragments of anti-GDI lb (done 4). anti-GDI 1c (done 
BU-15) and anti-CD23 (mAb25) monodonal antibodies (tested at 10 MQ/ml). 
Mean+/-SD values of 4 experiments are presented. 

EXAMPLE? 

The following materials and methods were used in this example: 



Cell Unes 
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Tonsil or blood mononLx:lear cells were separated into T and B cell subpopulations 
by rosetting with sheep red blood cells. 

The B cell line RPMI 8226 was obtained from the American Type Culture 
5 Collection (ATCC, Rockvilie, MD) and cultured in RPM1 1640 complete medium. 

Peptides and CD21 ligands 

Two peptides, from gp350 of EBV and C3. known to bind to CD21 (Senns ef a/. C3 
synthetic peptides support growth of human CR2-posittve lymphoblastoid B cells, J 

1 0 Immunol 142: 2207 (1 989)) were synthesized PepEBV (TGEDPGFFNVEIC-NH2) 
was produced on an ABI 431 A synthesizer using FastMoc chemistry and PepC3 
(GKQLYNVEATSYAC-NH2) was cAitained from Neosystem (Strasbourg. France). 
Aggregated C3d,g was prepared as described previously (Carel ef a/ (1990) 
supra). Sucrose gradient purified EBV was obtair>ed from Advar>ced 

15 Biotechnologies (Columbia, ML) arxj IFN-<x was obtained from Sigma (St Louis, 
MO). 

Liposome preparation 

CD23-liposomes were made as previously descrit>ed (Pochon et al. Demonstration 
20 of a second iigand for the low afTinily receptor for immunoglobulin E (CD23) using 
recombinant CD23 reconstituted into fluoresce liposomes, J Exp Med 176: 389 
(1992)) using 10 Mmoles of the synthetic phospholipkls POPC (Avanti Polariipkls 
Inc. Alabaster. AL) mixed with 50 nnrx>les of fluorescent dye Di018 (Molecular 
Probes, Eugene. OR) and then dialyzed against HEPES buffer together with 
25 purified recombinant CD23 or with glyoophorin A (0.2 jimoles each) referred to as 
control protein. 

Row cytometry 
Liposome binding assay 
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Cells (1 0*) were resuspended In 50 jil of the liposome suspension, diluted 1 0 tim s 
in 0.5% BSA. 0.1% NaN,, 2 mM CaCb. 140 mM NaCI. 20 mM Hepes. pH 7.0 and 
incutMted for 2 h at 4"C. 

Colls were washed twice before analysis on a FACStar plus (Becton Dickinson. 
Erembodeggen. Belgium). 

Competition of CD23^iposomes with EBV, EBV peptide. IFN-a, C3 
peptide and C3d.g 

RPMI 8226 cells were co-incubated with glycophorin-liposomes or CD23- 
liposomes and EBV (IxlO* to 1xl0» partidesMil). EBV pepUde and C3 peptide (50 
nM to 50 nM). aggregated C3d,g (4 ngfrnl to 1 ^g/mI) and IFN-a (1000 U/ml) for 2 
hat4°C. Cells were analyzed as descnlied above. 

iL-4-induped Ig production assays 

Cells were incubated at 10*/ml for 14 days in Iscove's medium enriched with 
transfenin. bovine insulia oleic add. linoleic add. palmitic add. BSA (all irom 
Sigma) and 10% FCS (Flow Laboratories. Irvine. Scotland) as described by 
Claassen ef a/ (A cell culture system that enhances mononudear cells IgE 
synthesis induced by recombinant interieukin-4. J Immunol Methods 126: 213 
(1990)). Assays were performed using total PBMNC with IL-4 alone (200 U/ml) or 
IL-4 plus anti-CCMO (1 pg/ml) (Serotec Ltd. Oxford. UK), or using purified tonsillar 
B cells with IL-4 and anti-CD40. IgE. G, A and M were quantified by specific 
ELISA as previously described (Bonnefby et al. Inhibition of human interteukir>-4- 
Induced IgE synthesis by a subset of anti-CD23/Fc epsilon Rll monodonal 
antibodies. Eur J Immunol 20: 139 (1990)). lgG4 was measured by ELISA as 
follows. A mouse anti human lgG4 antibody (Southern Biotechnology. 
Bimiingham) diluted at 10 ^g/ml In bicarisonate txjffer, pH 9.6 was coated 
overnight in 96 well plates (IX filAwell). Saturation was then performed vwth PBS 
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plus 1% BSA (200 nl/well) for 2 h at RT. Samples to be tested were diluted in PBS 
plus 0.5% BSA and 0.1% Tween (100 nlAvell) and incubated overnight at 4»C. 
After washes with PBS plus Tween, a peroxidate-labelled sheep anti human lgG4 
antibody (Vital products. St Louis. MO) diluted 1/5000 in PBS/BSA plus Tween 
5 was added for 1 h at RT. After washes wHh PBS plus Tween. o-phenytene 
diamine (Sigma) is added and thie colorimetric reaction was stopped with 2M 
H2SO4. Plates were finally read at 492 nm. 

The results obtained are discussed below: 

10 

Human CD21 has been previously described to be a receptor for the C3d,g and 
iC3b proteins of the complement system (Weis et al. Identification of a 145.000 Mr 
membrane protein as the C3d receptor (CR2) of human B lymphocytes Pmc Natl 
Acad Sd USA 81: 881 (1984)). for the gp350/220 envelope glycoprotein of EBV 

15 (Nemerow et al. Identification of gp 350 as the viral glycoprotein mediating 
attachment of Epstein Barr Virus (EBV) to the EBV/C3d receptor of B cells : 
se(^ierK» honrwlogy of gp350 and C3 complenrwnt fragn^er* (»t J 1416 
(1987): Tanner ef a/. Epstein Bar Virus gp 350/220 binding to the B lymphocyte 
C3d receptor mediates adsorpUon. capping and endoQrtosis. Ceff 50: 203 (1987)) 

20 and for IFN-a (Delcayre ef al, Epstein Barr Virus/complement C3d rec^itor is an 
interferxxi a receptor. EMBO J 10: 919 (1991)). We have therefore tested alt these 
CD21 ligands for their ability to inhibK CD23-liposome binding to the CD21- 
expressing cells. RPMI 8226 cells (Pochon et al (1992) supra). Intact particles of 
EBV were able to inhibit CD23 binding to CD21 in a dose dependent manner. 

25 This is shown in Figure 7a. vwhich illustrates the inhibition of CD23-liposome 
binding to RPMI 8226 cells by some CD21 ligands. [RPMI 8226 cells were co- 
incubated for 2 h with CD23-liposomes or glycophorin-liposomes and various 
concentrations of EBV (partides/ml). PepEBV and PepC3 (nM). Percentage of 
inhibition is calculated as follows: 
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(MFI CD23^ \ - (M FI CD23-I * lig onWc) v ton 
(MFI CD23tL) 

The MFI of glyoophorin-liposomes was subtracted from the MFI of CD23. 
Hposomes. Ir«et= FACS profiles of RPMI 8226 cells stained with glycophorirv 
liposomes (traces 1) or CD23^iposomes (traces 3) alone or in presence of EBV 
particles (top). PepEBV (medium) and PepC3 (Ixrttom) (traces 2). Results are 
taken from a representative experimenL] 

Of the other CD21 ligands tested for inhibition of CD23 liposome binding only 
EBV decreased the binding of CD23. A complete inhibition of CD23 binding was 
Observed with EBV intact particles, although EBV is reported to bindto SCR2 of 

CD21 and not to SCRs « Where CD23 binds to sugars in this latter region (Aubry 
et al (1994) supra). This complete inhibition of CD23 binding could be due to the 

size of the vinis partides or to the fact that EBV may modify the conforrri^ 
the CD21 molecule, m order to exclude that inhibition was due to steric hindrance 
by the vims particles, we then tested the effect of a peptide of gp35CW220. known to 
bind to CD21 (Servis e/ a/ (1989) supra). This EBV peptide was able to inhibit 
CD23 binding to CD21 in a dose dependent manner, with a maximum of 55% 
inhibition (Fig 7a). These experiments suggest that the EBV peptkle binding is 
dose to the CD23 binding site and partially blodcs CD23 binding. These data 
confirm our previous finding that CD23 does bind to CD21 (Aubry et al, CD21 is a 
ligand for CD23 and regulates IgE production. Nature 358: 505 (1992)) and extend 
them by showing that SCR2 is probably a region interacting with CD23. In 
contrast a C3 peptkje corresponding to the CD21 binding site on C3d (Servis et al 
(1989) supra) (Fig 7a). aggregated C3d.g and IFN^ (data not shown) were unable 
to inhibit the binding of CD23 to RPMI 8226 cells. This suggests that SCRs 1 and 
3^. where C3 and IFN-a bind respectively, may not be involved in CD23 binding. 
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The EBV binding to CD21 does not require glycosylation of SCR2 of CD21 (Moore 
et Bl, Inhibition of Epstein Barr Virus infection in vitro and in vivo by soluble CR2 
(CD21) containing two short consensus repeats, J Virol 67: 3559 (1991)). 
5 Likewise, CD23 binding to SCR2 region is tndependeftt of sugars (Aubry ef af 
(1994) supra). This is in line with our c^servation that a nor>-glycosylated synthetic 
peptide is able to decrease CD23 bincfing to CD21. Therefore, CD23 binds to a 
binding site in SCR2 on C021 that is dose or identical to the EBV binding site 
which differs from the binding sites previously described lor C3d,g and IFN-a. 

10 

CD23 was (xeviously shown to positively regulate IgE production by binding to 
CD21 on B cells (Aubry et al (1992) supra). Based on the observation that an EBV 
peptide blocked CD23 birxling to CD21. we investigated the effect of this EBV 
peptide on IgE production. The EBV peptkie was able to inhibit IL-4Hnduced IgE 

15 production in a dose-dependent warmer. This is shown in Figure 7b, which 
illustrates the inhibition of IL-4-jncfcjced IgE sffxj IgCM production by an EBV 
peptide binding to CD21. [PBL or purified tonsillar B cells (ICf/ml) were incubated 
for 14 days with 200 U/ml of IL-4 alone or in the presence of anti-CD40 antibody (1 
)ig/ml) and increasing concentratkxis of EBV peptide. IgE and lgG4 were 

20 measured by specific ELtSA and mean values +/- SD of one representative 
experiment are presented (n=4)]. 

This effect was observed in T-cell deperxlent and also in T-cell independent IgE 
production systems (Fig 7b), in which T-cell help is replaced by anti-CD40 Ab. 
25 This confirms our previous observation (Henchoz et al. Stimulation of human IgE 
production by a subset of anti-CD21 morwdonal antitxxiies : requirement of a 
co-signal to modulate e transcripts, 81: 285 (1994)) that CD23.CD21 can regulate 
IgE production even in absence of T-cells by a homotypic B-B cell interactton. 
since B cells can express both CD23 arxi CD21 molecules. Intact EBV has been 
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reported to provide the permissive signal for IgE switching (Thyphronitis et al, IgE 
secretion by Epstein-Barr viais infected purified human B lymphocytes is 
stimulated by interieukin-4 and suppressed by Interferon-r. Proc NaO Acad Sa 
USA 86: 5580 (1989)). Iii« T^lls or CD40L In contrast to the EBV partides. the 
EBV peptide is probably unable to crosslink membrane CD21 and is therefore 
unable to increase IgE production. The EBV peptide is rirther inhibitory, 
decreasing IgE production by preventing the C023-CI321 interaction. 

Since IL-4 is knovvn to induce lgG4 as well as IgE (Lundgren et at, lnter1eukin-4 
induces synthesis of IgE and lgG4 in human B cells. Eur J Immunol 19: 1311 
(1989)), we investigated the effect of the EBV pepUde on IL-4Hnduced lgG4 
production. As shown in Fig 7b the EBV peptide was also able to inhibrt lgG4 in a 
dose dependent manner. This observation suggests that the CD23-CD21 
interaction also controls Ig64 production. 

The effect of the EBV pepOde was then irivestigated on the poDduction of other Ig 
classes. No significant effect was found on polyclonal IgG and IgA production. 
This is shown in Figure 7c. which illustrates the modulation of immunoglobulin 
production by an EBV peptide binding to CD21. PBL or purified tonsillar B cells 
(lOVml) were incubated for 14 days with 200 U/ml of IL-4 alone or in the presence 
of anti-CD40 antibody (1 ^gAml) and increasing concentrations of EBV peptide. Ig 
were measured by specific ELISA and mean values +/- SD of one representative 
e^qseriment are presented (n=4)J. 

In contrast IgM production was significantiy increased in the presence of the EBV 
peptide, especially when whole PBL were used (Fig 7c). 

Not all CD21 ligands can regulate lgE/lgG4 production. A C3 peptide binding 
CD21 did not inhibit IgE and lgG4 production (not shown). This is shown in Figure 
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7d, which illustrates the absence of inhibition of IgE production with a C3 peptide 
binding to CD21. purified tonsillar B cells (10^/ml) were incubated for 14 days with 
200 Uyml of IL-4 and anti-CD40 antibody (1 ^g/ml) and increasing concentrations 
of C3 peptide or EBV peptide. IgE was measured by specific ELISA and mean 
5 values SD of one representative experiment are presented (n=4)]. 

The C3 peptide did not inhibit CD23 binding (Fig 7a). These results highlight 
again the correlation between CD23-CD21 pairing and lgE/lgG4 production. IFN- 
a was ndt test^ since ft is already known that IFN-a inhibits IgE production (Pene 
10 et at, IgE production by normal human lymphocytes is induced by IL-4 and 
suppressed by a-interferon, r-tnterferon, and prostaglandin E2, Proc Natl Acad Set 
USA 85: 8166 (1988)). although IFN-a had no effect on CD23 binding to CD21 
(rxjt shown). 

15 in conclusion, this study therefore shows that an EBV peptide decreases C023 
binding to CD21 and selectively decreases IgE and lgG4 production by human B 
cells. 

EXAMPLE 8 ' CD23 binds to endothelial cells 

20 

An endothelial cell line (LT2, EndoletWum vol 2, p 191-201, 1994) or purified 
human umbilical venule endothelial cells were incubated with CD23-liposomes 
(CD23L), or glycophorine-liposomes (L-Gly) as a control. Spedfictty of the binding 
was demonstrated by the inhibition of CD23-liposome binding by an anti-CD23 
25 mAb (mAb25 = a-CD23). Cells were analysed by FACS and MFI measured. 

The results are shown in Figure 8. 
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1 15 and 76 K Da were identified. 
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CLAIMS 

1 . A binding agent to CD21 , CD1 lb, GD1 1 c, to a 70-85 KDa protein expressed 
on endothelial cells, or to a 115 KDa protein expressed on endothelial cells, for 

5 use in the treatment or prophylaxis of inflammatory, autoimmune or allergic 
diseases. 

2. A binding agent according to daim 1, wherein the binding agent is an 
antitx)dy. a fragment thereof, an artificial coristruct comprising an antibody or 

10 comprising a fragment thereof, a mimetic, or a derivative of any of these binding 
agents. 

3. A binding agent according to daim 1 or 2 which is a humanised or 
chimaerised antibody. 

15 

4. A binding agent according to da'im 1 which is Epstein Barr Virus, Factor X, a 
part of the Epstein Barr Virus (which may be in glycosylated c»- unglycosylated 
form), a fragment of Factor X, or a derivative of any of these binding agents. 

20 5. A binding agent accorcfing to daim 4, which is Vhe gp350y220 glycoprotein of 
Epstein Barr Virus, the corresponding protein in unglycosylated form, a fragment of 
the aforesaid glycc^>rotein or protein, or a derivative of any of these binding 
agents. 

25 6. A binding agent according to daim 5 which is a peptide with the amino add 
sequence TGEDPGFFNVEIC, a fragment thereof, or a derivative of said peptide or 
fragment 
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7. A binding agent according to any preceding claim which blocks interaction 
between CD23 and ligands which bind to it in vivo. 

8. A binding agent according to any preceding daim for use in the treatment of 
arthritis, lupus erythematosus, systemic lupus erythematosus. Mashimotos 
thyroiditis, multiple sderosis. diabetes, uveitis, dennatitis. psoriasis, i^caria. 
nephrotic syndrome. glofTjerulonephritis. inflammatory bowel disease, ulcerative 
colitis. Crohn's disease. Sjogren's syndrome, allergies, asthma, eczema. GVH. 
COPD, bronchitis, insulitis. rhinitis or diabetes. 

9. A binding agent according to any of claims 1 to 7 for use in the treatment of 
arthritis, allergis. ulcerative colitis or Crohn's disease. 

10. A binding agent accorcBr^ to claims 9 for use in the treatment of rheumatoid 
arthritis. 

11. The use of a binding agent to CD21. CDIIb. CDIIc. to a 70 to 85 KDa 
protein expressed on endothelial cells, or to a 115 KDa protein expressed on 
endothelial cells for the manufacture of a medicament for the treatment of arthritis, 
lupus erythematosus, systemic lupus erythematosus. Mashimotos thyroiditis, 
multiple sclerosis.diatetes. uveitis, dermatitis, psoriasis, urticaria, nephrotic 
syndrome, glomerulonephritis, inflammatory bowel disease, ulcerative colitis. 
Crohn's disease. Sjogren's syndrome, allergies, asthma, eczema. GVH. COPD, 
bronchitis, insulitis, rhinitis or diabetes. 



12. The use of a binding agent according to claim 1 1 for the manufacture of a 
medicament for the treatment of arthritis, allergies, ulcerative colitis, or Crohn's 
disease. 
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13. The use of a binding agent according to claim 12 for the manufacture of a 
medicament for the treatment of rheumatoid arthritis. 

14. A pharmaceutical composition comprising a binding agent according to any 
of claims 1 to 7 and a phamfiaceutically acceptable carrier. 

15. A binding agent according to claim 1 substantially as hereinbefore 
described. 

16. A method of treating an inflammatory, autoimmune or allergic disease 
comprising administering a pharrrraceutically effective amount of a binding agent to 
CD21 . CD1 1b, CD1 Ic. to a 70 to 85 KDa protein expressed on endothelial cells, or 
to a 1 15 KDa protein expressed on endothelial cells, to a patient 
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